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Abstract. Plum pox virus (PPV) is the causal agent of sharka disease, which is responsible for 
severe damage and important economic losses in the stone fruit industry. The disease mainly affects 
stone-fruit species, mainly apricot, plum and peach. Sharka is originated from Eastern Europe and was 
described for the first time around 1915 in Bulgaria (Atanasoff, 1932). In this study we collected thirty 
PPV isolates from one experimental orchard belonging to the Fruit Research and Development Station 
Cluj. Molecular strain differentiation was done with the help of RT-PCR technique by analyzing the 
genomic region (Cter)CP of the virus by using RFLP analysis we were able to distinguish the two 
major strains, D and M, based on Rsa I polymorphism located in the genomic region (Cter) CP. 
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INTRODUCTION 
 
Plum Pox virus (PPV) is the most destructive viral pathogen of stone-fruit species. 
This virus is very dangerous because it reduces the quality of fruits and causes their premature 
fall (Nemeth, 1994). In Romania, Plum pox virus is prevalent in virtually all areas of the plum 
crop, causing important lossses in fruit production particularly for susceptible varieties. 
(Minoiu, 1997, Zagrai et al., 2006). Latest reports show that Romania is known as one of the 
Plum pox virus endemic centers. 
The first research done in Romania regarding the identification and differentiation of 
Plum pox virus strains by using serological and molecular techniques has been developed by 
SCDP Bistrita (Zagros et al., 2006). So far, six strains were identified and characterized: D 
strain (Dideron) isolated for the first time from apricot in Southeastern France, M strain 
(Marcus) identified from peach in Northern Greece (Kerlan and Dunez, 1979, Myrtle et al., 
1998), EA (El Amar) strain described from apricot in Egypt (Wetzel et al., 1991), Soc (sour 
cerry) strain  detected in Moldova (Kalashyan et al., 1993), SwC (sweet cherry) strain  
identified in Italy (Crescenzi et al., 1996) and PPV-Rec (name proposed and accepted). The 
last strain (PPV-Rec) is a result of two major strains recombination (D and M) and is present 
in Albania, Bulgaria, Czech Republic, Germany, Hungary and Slovakia (Glasa et al., 2004). 
PPV-W strain was identified in Canada (James and Varga, 2004). Thanks to modern 
characterization methods of PPV viral isolates, it is known that two strains are most common, 
(PPV-D) and (PPV-M) (Bousolem et al., 1994). PPV-D, widely spread in Western Europe is 
non-seed transmitted, difficult to be transmitted to experimental hosts and less efficient for 
spreading by vectors (Levy et al., 2000). Unlike PPV-D, seed transmission of necrotic strains 
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(PPV_M) was reported by Nemeth and Koelber in 1983. Also, PPV-M can be easily 
transmitted through aphids. (Levy et al., 2000).   
 
MATERIALS AND METHODS 
 
Initially, identification of PPV infection and selection of infected trees was done based 
on typical symptoms and subsequently, samples of leaves with obvious symptoms were 
collected from different parts of tree crowns, respectively trees with generalized infection 
(PPV infection was over 20%) and analyzed by using molecular testing. 
ARN extraction. For RNA extraction, the usual procedure was used that implies tissue 
dehydration and crushing them under liquid nitrogen until obtaining a fine powder and tissue 
resuspendation in a reaction buffer that protects the RNA which is released from cells. The 
extraction of total RNA from leaf plum was done using the Rneasy Plant Mini Kit (Qiagen) 
extraction kit. The ten-steps protocol used was the one recommended by the manufacturer. 
Revers transcription and amplification reaction. Total RNA extracted from  plum 
leaves infected with PPV was used for RT-PCR (revers transcriptase-polymerase chain 
reaction) with Qiagen One-Step RT-PCR kit in a single step. This kit allows revers 
transcription (RT) and amplification (PCR) in a single reaction. 
Molecular diagnosis by RT-PCR. For viral diagnosis primers pair P1/P2 were used, 
which are designed to amplify a fragment of 243 bp region corresponding to C-terminus of 
the protein capsid. The sequence of primers used in reaction is: P1:  5`-3` ACC GAG ACC 
ACT ACA CTC CC; P2:  5`-3` CAG ACT ACA GCC TCG CCA GA. Thermal cycles 
required for RNA reverstranscription and amplification of DNA fragments were performed 
using the Eppendorf Mastercycler gradient, optimized as follows: RT- 40 min at 500C, 
activating polymerases- 15 min at 950C followed by 35 cycles: denaturation- 1 min at 940C, 
primer annealing – 45 s at 610 C and DNA elongation – 1 min at 720 C. Amplified DNA was 
elongated for 10 min at 720C. Amplified products (10 µl + 2 µl loading dye) were fractionated 
onto 1.4% agarose gel electrophoresis in 1 x TAE buffer. Bands were visualized by ethidium-
bromide staining under UV light. 
Molecular differentiation of D and M virus strains with specific primers. Molecular 
differentiation of isolates was performed using specific primers for CP genomic region 
(capsid protein gene) with P1-PD and P1-PM (Olmos et al., 1997). Reverse transcription and 
amplification was performed with Qiagen One-Step RT-PCR kit in a single step. 
Amplification conditions were the same as those described above. 
Differentiation of PPV-D and PPV-M strains by enzymatic digestion with PCR-RFLP. 
Using PCR-RFLP technique, Plum pox virus strains were differentiated using the restriction 
enzymes Alu I and Rsa I (Wetzel et al., 1991). The Rsa I restriction enzyme serves to 
distinguish different strains of Plum pox virus (PPV), to "cut" the specifically recognized site 
and Alu I restriction enzyme, serves to determine their possible mutations.  
By enzymatic digestion of the PCR products obtained by amplifying the C-terminus 
region of the capsid protein, with the restriction enzyme RsaI, the two viral straines of PPV 
(PPV-D and PPV-M), are differentiated by the presence or absence of the restriction site. 
Thus, in the CP region of PPV-D strain a site for the restriction enzyme RsaI is present, and 
for PPV-M strain this site is missing. 
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RESULTS AND DISCUSSION 
 
RT-PCR and PCR-RFLP analysis. Specific primers P1-P2, have confirmed the 
presence of the virus in the leaves that present clear symptoms of PPV. These primers amplify 
a 243 bp fragment corresponding to the C-terminus region of the capsid protein (CP) (Tab. 1). 
This pair of primers proved to be very effective in molecular diagnosis in our country 
(Zagrai et al., 2006, 2008) and abroad (Wetzel et al., 1991b; Kajic et al., 2008). 
The fact that the virus is present in all isolates, indicates a massive infection with PPV 
in the orchard where the samples were collected. 
Tab. 1 
Molecular analysis results for C1-30 samples obtained by using RT-PCR and PCR-RFLP techniques 
 
PCR-RFLP RT-PCR 
(P1/P2 and P1/PD or PM) Rsa I No. Isolate 
PPV PPV- 
D 
PPV- 
M 
PPV 
D+M 
PPV- 
D 
PPV- 
M 
PPV 
D+M 
Alu I 
1 Cluj 1 + - + - + - - + 
2 Cluj 2 + - + - + - - + 
3 Cluj 3 + - + - + + + + 
4 Cluj 4 + + + + + - - + 
5 Cluj 5 + + + + + - - + 
6 Cluj 6 + - + - + - - + 
7 Cluj 7 + - + - + - - + 
8 Cluj 8 + - + - + - - + 
9 Cluj 9 + + + + + - - + 
10 Cluj 10 + + + + + + + + 
11 Cluj 11 + + + + + - - + 
12 Cluj 12 + - + - + + + + 
13 Cluj 13 + + + + + - - + 
14 Cluj 14 + - + - + - - + 
15 Cluj 15 + - + - + - - + 
16 Cluj 16 + - + - + - - + 
17 Cluj 17 + + + + + - - + 
18 Cluj 18 + - + - + - - + 
19 Cluj 19 + - + - + - - + 
20 Cluj 20 + - + - + - - + 
21 Cluj 21 + - + - + + + + 
22 Cluj 22 + - + - + + + + 
23 Cluj 23 + - + - + + + + 
24 Cluj 24 + + + + + + + + 
25 Cluj 25 + + + + + + + + 
26 Cluj 26 + - + - - + - + 
27 Cluj 27 + - + - + + + + 
28 Cluj 28 + - + - + + + + 
29 Cluj 28 + - + - + + + + 
30 Cluj 30 + + + + + + + + 
 
The results were summarized and presented in Tab. 1. Thus, we can see that by using 
RT-PCR, from total of 30 isolates, a number of 20 (67%) isolates were found to belong to 
PPV-M strain and 10 (33%) isolates were found to be mixed infections, belonging to both D 
strain and M strain (D + M), as it is shown in Fig. 1a. 
The second technique used in the differentiation of viral strains D and M is PCR-
RFLP and showed that 17 (57%)isolates were identified as belonging to PPV-D strain, 1 (3%) 
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Molecular characterization of PPV isolates 
collected from SCDP Cluj
67%
33%
M D+M
PPV-isolated strain belongs to PPV-M and 12 (40%) isolates were found to be mixed 
infections, belonging to both D strain and M strain (D + M) (Fig.1b). 
 
                 
Molecular characterization of Cluj isolates 
through RFLP technique
57%
3%
40%
D M D+M
 
(a)                                                                                          (b) 
 
Fig.1.  Molecular differentiation of D and M strains of isolates obtained from  SCDP Cluj 
(a) RT-PCR (b) PCR-RFLP. 
 
 The analysis results regarding the differentiation of D and M strains, shows an 
according of RT-PCR and RFLP techniques only for isolates C 10, C 24-25 and C 30, these 
isolates showing infection with both strains (PPV-D + PPV -M). 
 A large discrepancy appears for assessing prevalence of the two viral strains isolated 
at the level of thirty isolates. If by using RT-PCR, results show that the PPV-M strain 
represents the majority (67%), by using RFLP, the PPV-D strain was predominant one (57%). 
In both cases, mixed infections have approximately the same percentage. 
Following research on molecular and serological Transylvania isolates (including six 
isolates from Cluj), Zagrai et al., (2009) reported a predominance of PPV-D strain. Studies in 
other European countries such as Serbia (Glas et al., 2005), Croatia (Kajic et al., 2008), 
Slovakia, Czech Republic, Bulgaria, Hungary, Albania (Glas et al., 2004) show a large spread 
of PPV-M strain. 
 
CONCLUSIONS 
 
These results highlighted a very high PPV infection rate and a critical situation in 
plum orchards infected with Plum pox virus in the region we conducted the study. 
Isolates analysis led to the observation of variability between strains within the Plum 
pox virus local population. In the orchards where we collected the samples, PPV-D and PPV-
M coexist with mixed infections. 
The presence of these viral strains in the same orchard or in the same crown may be 
caused by the use of seedlings infected with PPV or infections from neighboring orchards 
through aphids. 
Knowing the distribution of virus strains is essential for developing strategies to 
eradicate or limit PPV impact, given the huge plum crops losses that exist in our country. 
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